Abstract We characterized a set of new hypervariable microsatellite loci for the barred sand-bass (Paralabrax nebulifer), a marine fish that supports important recreational and artisanal fisheries in California, USA and the west coast of the Baja California Peninsula, Mexico. We performed a shotgun genome sequencing with the 454 XL titanium chemistry and used bioinformatics to search for microsatellite loci with perfect repeats. We selected 40 primer pairs that were synthesized and genotyped in an ABI PRISM 3730XL DNA sequencer in 32 individuals from San Juanico, Baja California Sur. We estimated levels of genetic diversity, deviations from linkage and Hardy-Weinberg equilibrium, the frequency of null alleles and the probability of individual identity for the new markers. We successfully scored 24 microsatellite loci (13 tetranucleotides and 11 dinucleotides). The average number of alleles per locus was 12.5 (range 4-23). The average observed and expected heterozygosities were 0.779 (range 0.313-0.969) and 0.774 (range 0.350-0.939), respectively. We detected significant linkage disequilibrium in two pairs of loci. Genotype frequencies at seven loci showed significant deviations from the expectations of Hardy-Weinberg equilibrium and had estimated null allele frequencies ≥10%. The probability of individual identity for the new loci was 8.5
Introduction
The barred sand-bass Paralabrax nebulifer (Scorpaeniformes: Serranidae) (Hastings et al. 2014) has been recorded from central California, USA, to the Cape Region of Mexico's Baja California Peninsula (including Isla Guadalupe) (Hovey et al. 2002) , into the Gulf of California as far north as La Paz Bay, and there are also some records from the southern Mexican Pacific coast of Oaxaca (Heemstra 1995) .
An important recreational fishery averaging nearly 2 million fish per year for P. nebulifer that operated in southern California, USA, from the 1970s collapsed in 2003 (Erisman et al. 2011) , raising concern about the sustainability of other fisheries for P. nebulifer through its range. Curiously, on the Pacific coast of the Baja California Peninsula, an important artisanal fishery has operated since at least 2001 (Jarvis et al. Communicated by K. Kocot * Adrian Munguia-Vega airdrian@email.arizona.edu Despite the recreational and commercial importance of P. nebulifer its genetic diversity, population structure and connectivity have not been thoroughly investigated.
Paralabrax nebulifer aggregates to spawn predominantly in July and August in hotspots that have been identified in the waters of south-central California, USA (Jarvis et al. 2014) . The aforementioned landings plus spawning aggregations observed by Jarvis et al. (2010) , and Jarvis et al. (2014) indicate similar hotspots along the Baja California Peninsula. P. nebulifer typically inhabits sandy substrates adjacent to rocky zones at depths between 5 and 180 m. Allen and Block (2012) calculated a planktonic larval duration of 25.8 ± 2.2 SD days and a settlement size of 9.1 ± 1.1 mm of standard length for P. nebulifer, which are critical for the potential of larval dispersal and connectivity among distinct populations (Allen and Block 2012) . Connectivity is difficult to measure directly because of many challenges for tracking larvae (Selkoe and Toonen 2011) . With the development of genetic tools and analysis methods, particularly highly polymorphic microsatellites markers, it is possible to estimate the degree of larval exchange among populations, mainly through assignment tests (Saenz-Agudelo et al. 2009; Munguia-Vega et al. 2015) . Recently, Paterson et al. (2015) , using six nuclear microsatellite loci and the mitochondrial control region from P. nebulifer, found high genetic diversity and a weak but significant genetic structure among locations along California and Baja California Peninsula. A greater number of microsatellite loci could be useful to implement more fine-scale individual-based analyses including estimates of kinship, paternity, identification of migrant individuals and estimation of recent migration rates, effective population size, and bottlenecks induced by fisheries (Selkoe et al. 2016) . In the present study, we tested 40 microsatellite loci specific to P. nebulifer in order to study genetic diversity, population structure and connectivity.
Methods
We obtained 32 samples of Paralabrax nebulifer from San Juanico, a community that lies in the Gulf of Ulloa on the west coast of Baja California Sur, Mexico. Fin clips were collected from the artisanal fishery in 96% of ethanol and stored at −20°C. We extracted DNA using the DNeasy blood and tissue kit (QIAGEN, Valencia, CA, USA) following the protocol provided by the manufacturer.
We constructed a genomic library using ∼5 μg of RNAse-treated genomic DNA from a single individual. The library was sequenced using the 454 XL Titanium chemistry (Roche Applied Science, Indianapolis, IN, USA) at the University of Arizona Genetic Core. After eliminating the barcode used to identify the library and applying custom sequence quality criteria (Q ≥ 20 over a 10-bp window), we obtained 97.56 Mb of sequence distributed in 180,473 individual reads with an average length of 540 bp. We used the iQDD software (Meglécz et al. 2010) to search for perfect di-, tri-and tetra-nucleotide microsatellite loci with at least 10 repeats. We obtained 1424 loci that met our criteria and for which primers were designed. We tested 40 microsatellite loci (21 di-nucleotides and 19 tetra-nucleotides) with the highest number of repeats. To allow fluorescent labeling, we added the universal M13 primer at the 5′ end of all forward primers (Schuelke 2000) . We used four fluorescents dyes (6-FAM, VIC, NED, and PET; Applied Biosystems) and a post-PCR multiplex arrangement (four dyes for each of four different loci sized simultaneously). We performed PCRs in 15-μL volumes with 20-40 ng genomic DNA, 1× PCR buffer, 0.2 mM each dNTP, 1.5 mM MgCl 2 , 0.2% BSA, 0.5 U Taq DNA polymerase (Apex, Bioresearch Products), 0.02 μM of the unlabeled M13-tailed forward primer, 0.2 μM of the fluorescently labeled M13 primer, and 0.2 μM of the reverse primer. We used a PCR touchdown protocol consisting of 94°C for 5 min, 15 cycles of 94°C for 30 s, 65-50°C for 30 s (1°C decrease each cycle), 72°C for 30 s, followed by 40 cycles at 94°C for 30 s, 55°C for 30 s, 72°C for 30 s, and a final extension of 72°C for 5 min.
We genotyped PCR products using an Applied Biosystems 3730XL sequencer, and alleles were scored using GENEMAKER v.2.6.0 (SoftGenetics). Allele sizes were assigned bins using FLEXIBIN (Amos et al. 2007 ). Observed and expected heterozygosities, number of alleles and the probability of individual identity were calculated using GENALEX 6.5 (Peakall and Smouse 2012) . We used MICROCHECKER 2.2.3 (Van Oosterhout et al. 2004 ) to test for genotyping errors and presence of null alleles. Additionally, we calculated the null allele frequency by locus using the Expectation Maximization (EM) algorithm of Dempster et al. (1977) implemented in the software FreeNA (Chapuis and Estoup 2007) . Deviations from HardyWeinberg equilibrium (HWE) and linkage disequilibrium (LD) were estimated using GENEPOP 4.2 with 10,000 dememorization steps, 1000 batches and 10,000 iterations (Raymond and Rousset 1995) and FSTAT 2.9.3.2 (Goudet 1995) , respectively. A sequential Bonferroni test for multiple comparisons was used to adjust P values (α = 0.05).
Results and discussion
From the 40 loci tested, 24 were successfully amplified and genotyped (13 tetra-nucleotides and 11 di-nucleotides) and their sizes ranged from 98 to 310 bp (GenBank Accession numbers KX879728 -KX879751; Table 1 ). There was significant LD among two pairs of loci (P < 0.000181), including Pane1 -Pane28 and Pane14 -Pane16. Seven loci showed significant deviations from HWE (Pane8, Pane16, Pane21, Pane23, Pane28, Pane30 and Pane31; P < 0.00208333) due to a deficit of heterozygote individuals. This deficit could be explained by a Wahlund effect or the sampling of two separate random mating populations, natural selection, assortative mating, inbreeding and/or null alleles (Karlsson and Mork 2005) . It is likely that null alleles are the main cause of the deviations from HWE observed, considering that these seven loci showed high frequency of null alleles (≥18%, except for Pane31 that showed a null allele frequency of 10%; Table 1 ). The 17 remaining loci showed no evidence of large allele drop-out, and its null allele frequency was ≤13.7% for both EM and Oosterhout methods. The mean number of alleles per locus was 12.52 (range 4-23) while the mean number of effective alleles was 9.03 (range 1.54-16.38). Observed heterozygosity ranged from 0.313 to 0.969 (mean 0.779) and expected heterozygosity ranged from 0.350 to 0.939 (mean 0.774) ( Table 1 ). The probability that two individuals will randomly show an identical genotype at the 24 loci was very low (8.5
−36
). The microsatellite loci developed for P. nebulifer will be useful for on-going research to investigate patterns of larval dispersal, metapopulation dynamics, and fine-scale genetic structure and diversity. In turn, these results will inform the sustainable management of P. nebulifer fisheries on the west coast of the Baja California Peninsula.
